OBJECTIVE -To assess the short-term efficacy of insulin aspart in comparison with regular human insulin in women with gestational diabetes mellitus (GDM) during standardized meal tests.
G
estational diabetes mellitus (GDM), defined as "carbohydrate intolerance of varying degrees of severity with onset or first recognition during pregnancy" (1, 2) , occurs in nearly 4% of all pregnancies in the U.S., but the actual prevalence differs with ethnicity and maternal age (3) . Women with high blood glucose concentrations experience greater risk of adverse maternal and fetal outcomes, including preeclampsia, cesarean delivery, macrosomia, congenital anomalies, and increased risk for future development of type 2 diabetes (4). The most common and significant neonatal complication clearly associated with GDM is macrosomia (5) , which occurs at rates as high as 40% of neonates in untreated GDM (6) . In addition, neonatal macrosomia is associated with the metabolic synd r o m e o f h y p e r i n s u l i n e m i a a n d deposition of fat in the visceral cavity (7) . The literature suggests that the risk of macrosomia rises as maternal glycemia increases (8 -10) . Specifically, the risk of macrosomia appears to increase with increasing postprandial glucose concentrations (11) (12) (13) . Traditionally, in the guidelines for care of nonpregnant diabetic patients (14) , a glucose concentration measured after eating has been recommended because of fear of hypoglycemia due to the peak action of human regular insulin. Because the peak postprandial glucose concentration is 1 h after eating (11), a rapid-acting insulin analog that reaches peak concentration at about 1 h after injection would be ideal. Data on nonpregnant diabetic patients document that the rapid-acting insulin analog, insulin aspart, peaks at 40 to 60 min after injection and thus can be used to blunt the peak postprandial glucose concentrations (15) . Before insulin aspart can be prescribed in pregnancy, the safety and efficacy of this insulin analog will need to be studied. The aim of this article is to document the short-term efficacy of insulin aspart in pregnant women during a standardized meal.
RESEARCH DESIGN AND METHODS -Women with GDM who had been unable to control their glucose concentrations with diet and exercise, and were therefore candidates for insulin therapy, were recruited to participate in a randomized trial of either insulin aspart or regular human insulin (Table  1) . Before insulinization, three 4-h breakfast meal tests were administered, whenever possible, on 3 consecutive days. The 
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meal, which was plain yogurt (Alta Dena, City of Industry, CA), contained 11 g fat, 19 g carbohydrate, and 12 g protein per cup (227 g) and was topped with one-half sliced banana. This meal comprised ϳ40% carbohydrate, 20% protein, and 40% fat and was calculated to provide 20% of the woman's daily caloric requirement. The same volume of yogurt was given for each of the three meal tests. On day 1, a baseline meal was consumed without any exogenous insulin. On day 2, each woman was randomly assigned to take either regular human insulin or insulin aspart, and on day 3, she took the other insulin preparation. Regular insulin was administered 30 min before and insulin aspart 5 min before the meal. The same dose of insulin was given on both days and was two-ninths of the woman's calculated daily requirement (0.8 units ⅐ kg -1 ⅐ day -1 for gestational age Ͻ26 weeks; 0.9 units ⅐ kg -1 ⅐ day -1 for gestational age Ն26 weeks). An indwelling intravenous catheter was placed and blood was drawn for plasma glucose, serum insulin, and C-peptide concentrations at -30, 0, 15, 30, 60, 90, 120, 180, and 240 min. No other food was consumed during this time, but symptomatic hypoglycemia was treated with oral glucose tablets.
Plasma glucose concentration was determined by the glucose oxidase method. Serum insulin was determined with enzyme-linked immunosorbent assay (ELISA) (Roche Diagnostics, Indianapolis, IN) and serum C-peptide by radioimmunoassay (Diagnostic Products, Los Angeles, CA).
The serum insulin and plasma glucose areas under the curve (AUCs) above the baseline glucose (time 0) were calculated at 120, 180, and 240 min. Paired t tests were used to compare the insulin and glucose areas and the glucose, insulin, and C-peptide concentrations at each time point.
Fifteen women who met the criteria for inclusion in the study participated in all three meal tests. During one meal test, the intravenous catheter ceased to function after the 60-min sample was collected, and subsequent phlebotomy by venipuncture was unsuccessful. Consequently, blood was not obtained from one woman for glucose measurements after the 60-min time point during the meal at which she took regular insulin. With the exception of one skipped sample due to difficulty with a catheter, the other 14 women completed all three of the 4-h meal tests. Table 2 shows the mean glucose, insulin, and C-peptide concentrations during each of the three meal tests. The peak insulin was at 60 min during each of the three meal tests and was significantly lower during the meal in which no exogenous insulin was administered (72.6 Ϯ 9.7 U/ml [mean Ϯ SE]) than with either regular insulin (84.7 Ϯ 10.8 U/ml; t ϭ 2.35, P ϭ 0.034 compared with no insulin) or insulin aspart (95.9 Ϯ 10.9 U/ml; t ϭ 3.6, P ϭ 0.009). The insulin concentrations are plotted in Fig. 1 . In contrast, serum C-peptide peak and overall response were lower after injection of insulin aspart (5.5 ng/ml) than after no insulin (6.8 ng/ml; t ϭ 2.40, P ϭ 0.031). The peak C-peptide after the injection of regular insulin (5.8 ng/ml) was only slightly lower than after no insulin, and the difference was not statistically significant (t ϭ 1.93, P ϭ 0.074). After the peak at 60 min, the C-peptide tended to be lower after the insulin aspart injection than after the human regular injection, and this reached stastical significance at 180 and 240 min (Table 2) .
RESULTS -
Similarly, the peak glucose was at the 60-min time point during all three meal The rise in glucose concentration from the nadir at 15 min to the peak at 60 min was similar during the meals in which regular insulin (28.1 Ϯ 2.9 mg/dl) and no insulin (31.1 Ϯ 2.9 mg/dl) were used (t ϭ 0.8, P ϭ 0.432). The rise during the meal in which aspart was used was lower (21.1 Ϯ 3.7 mg/dl; t ϭ 3.3, P ϭ 0.006 compared with no insulin).
The glucose concentrations are plotted in Fig. 2 , and the glucose areas are shown in Table 3 . The 120-, 180-, and 240-min glucose AUCs were lower for insulin aspart (P ϭ 0.05, 0.02, and 0.005, respectively). The AUC for regular insulin was similar to that for no insulin throughout the meal test.
Seven women had glucose concentrations Ͻ60 mg/dl during one or both of the meal tests at which insulin was administered, but no hypoglycemic episode occurred before 3 h after the meal. There were no glucose concentrations Ͻ50 mg/ dl, the hypoglycemia cut point for this study.
CONCLUSIONS -The major finding of this study is that insulin aspart was very effective in reducing the peak postprandial glucose concentration, resulting in a significantly lower glucose area than without insulin. Regular human insulin failed to make a significant impact in lowering the postprandial glucose concentration. Because the insulin assay used in this study measured total insulin (i.e., both exogenous and endogenous insulin), the contribution of the endogenous insulin to the postprandial glycemic profile can be ascertained by comparison of the Cpeptide response. From the 60-min time point onward, the C-peptide tended to be lower after the insulin aspart injection than after the human regular insulin. This difference, which was statistically significant after 180 min, indicated that after the insulin aspart injection there was a lower demand for endogenous insulin than after human regular insulin.
In a review summarizing a Medline database search performed to examine the pharmacology, therapeutics, pharmacokinetics, dosing guidelines, adverse effects, and drug interactions of insulin aspart in nonpregnant healthy volunteers and nonpregnant type 1 and type 2 diabetic patients (16) , it was reported that when insulin aspart is administered immediately before a meal, it is at least as effective as regular human insulin in control of postprandial blood glucose concentrations. In all published reports of nonpregnant persons, insulin aspart achieved higher peak insulin concentrations in less time and with a shorter duration of action than regular human insulin. The authors of the review concluded that, based on these data, insulin aspart is a convenient premeal insulin for use by patients requiring mealtime insulin, and furthermore, due to favorable pharmacokinetics, insulin aspart blunts the postprandial blood glucose concentrations at least as well as regular human insulin and contributes to improved quality of life. Our present report of the use of insulin aspart in women with gestational diabetes is the first clinical trial to study the use of insulin aspart in comparison with regular human insulin in pregnant women. Although there are reports of the use of another short-acting insulin analog, insulin lispro, in women with gestational diabetes, those reports do not compare the rapid analog with no insulin (17) .
In this study, insulin aspart was effective in decreasing the postprandial glucose concentration when administered 5 min before a meal to women with GDM. Because elevated postprandial glucose concentrations have been associated with an increased risk of macrosomia (11) (12) (13) , decreased postprandial glucose concentrations with insulin aspart in women with insulin-requiring GDM should result in an improvement in birth weight. Follow-up of a sufficient number of women requiring insulin during pregnancy will be needed to verify this finding and to ensure the safety of this insulin analog in pregnant women with diabetes. 
